Objective To obtain an estimate of the prevalence of new cases of smear-positive tuberculosis in Eritrea using a new low-cost approach. Methods The study was designed to include a sample of 35 000 people divided between 40 clusters. The clusters were selected by sampling proportional to population size. In each cluster, census data were obtained from eligible individuals. Individuals aged 15 years or more were questioned about cough and its duration and smoking and were asked to provide two samples of sputum (spot and morning) for examination by fluorescence microscopy. Findings A total of 38 032 individuals were included in the study. Of the 19 197 individuals aged 15 years or more, 18 152 (94.6%) provided at least one sample of sputum. Fifteen individuals fulfilled the case definition, providing a prevalence of new cases of smear-positive tuberculosis of 90 per 100 000 (95% confidence interval, CI, 35-145 per 100 000) individuals aged 15 years or more and 50 per 100 000 (95% CI, 19-80 per 100 000) in the total population. Conclusion The estimated prevalence of new cases of smear-positive tuberculosis obtained from our study is considerably lower than the estimate published by the World Health Organization. The new methodology for surveys to determine the prevalence of tuberculosis that we used is feasible in the field. This methodology should be validated in other countries and compared with other methods for measuring prevalence.
Introduction
In 2004, 84% of the population of Eritrea was covered by the directly-observed treatment, short-course (DOTS) programme for the management of tuberculosis (TB) and WHO was notified of 720 new cases of smear-positive TB, giving a case detection rate of 17%, which is far from the target of 70%. 1 The cure rate for the 2003 cohort of new smear-positive cases was 78%, which approaches the target of 85% set by the World Health Assembly in 1991. The case detection rate is calculated by dividing the number of notified cases of TB by the expected number of cases of TB, i.e. incidence. The estimate for the incidence of TB in Eritrea was based on TB notification data only, which were ranked as being of low quality. 2 Thus the estimate of the case detection rate in Eritrea is very uncertain. To obtain a solid estimate of the case detection rate, the National AIDS and Tuberculosis Control Division (NATCoD) of Eritrea decided to implement a TB prevalence survey.
In recently published surveys of TB prevalence, 3, 4 the survey population was screened to identify individuals with a high likelihood of having TB. TBspecific diagnostic methods were then used to detect individuals with a positive smear or culture. 5 In these surveys, chest X-rays and symptom interviews were used to identify suspected cases. One disadvantage of using screening is that it requires a subjective judgment (from the investigator or the patient) about who has suspected TB. Furthermore, using interviews to identify individuals with TB-specific symptoms has been shown to have variable sensitivity and cannot be used in isolation. [6] [7] [8] [9] Using chest X-ray for the identification of suspected cases requires mobile chest X-ray equipment, which is expensive. Moreover, human capacity demands are high because experienced radiologists who can read chest X-rays must be part of the field teams. As the budget for the survey of TB prevalence in Eritrea was limited and there are very few radiologists available in the country, an alternative approach was applied. Instead of first screening the population for suspected cases, we requested two samples of sputum from all individuals aged 15 years and over. The samples were examined by fluorescence microscopy, which has a high sensitivity and specificity for the identification of Mycobacterium tuberculosis, the causative agent of TB. [10] [11] [12] In this paper we describe the results of our survey and discuss the applicability of the new approach.
Methods

Study area
Eritrea is located in the Horn of Africa. It became independent from Ethiopia in 1991 after 30 years of armed struggle.
The country had a population of 3 158 590 in 2004. Eighty percent of the population works in the agricultural sector. Eritrea is divided into six zobas, which are split into 57 sub-zobas and 699 administrative areas. Each administrative area comprises several villages.
Study design
The study was designed to include a sample of 35 000 individuals divided between 40 clusters, providing an average cluster size of 875 individuals. The institutionalized population was excluded from the sampling frame. We selected 40 villages by probability proportional to population size sampling. The population estimates for 2000 from local government reports were used. In each village, the direction in which inclusion of individuals in the survey should start was determined by spinning a pen on the ground and choosing the direction indicated by the tip of the pen (a method used by the Expanded Programme on Immunization 13 ). All persons in the first house in this direction were included in the survey. After visiting the first household, the fieldworkers moved to the next household, which was defined as the one whose front door was closest to the one just visited. When the village border was reached but the number of individuals included was less than 875, the survey team continued to include households in the study by moving onwards in a clockwise direction. If the village had less than 500 individuals aged 15 years or more, the village closest to the east side of the selected village was included.
Study methods
The methods of the survey were tested in a one-week pilot study. Each selected cluster was visited by one of the three field teams between February and May 2005. The field teams collected census data (name, age, and sex) from all individuals, either by interviewing the person him/herself or by interviewing a household member. A person was eligible for inclusion in the survey if he/she had slept in the household the night before the census. For individuals aged 15 years or more, information about cough and its duration and smoking was also recorded on the census form. Supervision was provided by the project manager, who visited the field teams regularly.
Each individual aged 15 years or more was asked to provide a spot sample (provided 'on the spot') and a morning sample (produced immediately after waking up) of sputum. The field teams actively traced persons that did not provide two samples. Reasons for not providing a sample were recorded on the census form (not able to produce sputum, not willing to produce sputum, not present, other). The samples were stored in a moist place away from direct sunlight and then transported to one of the three microscopy centres at least once per week. Sputum samples were not collected from individuals aged less than 15 years because smear-positive TB is rarely diagnosed in children.
Furthermore, it is difficult to collect sputum from children, especially the very young.
In the laboratory, the macroscopic appearance of the sample (sputum or saliva) was first recorded by the microscopist. Smears were then prepared from all samples, and the slides were stained with auramine O and examined under the fluorescence microscope. If a slide gave a positive result by fluorescence microscopy, it was re-stained with Ziehl-Neelsen stain and re-examined for confirmation. Samples that gave a positive result with both staining methods were sent to the National Health Laboratory where they were reexamined. A randomly selected sample of 5% of the slides that gave a negative result by fluorescence microscopy was also re-examined by the National Health Laboratory. The microscopist who performed the re-examination at the National Health Laboratory was not informed of the initial result. For smears that were initially reported to be positive for M. tuberculosis, when the results reported by the microscopy centre and by the National Health Laboratory did not agree, they were checked by the laboratory supervisor. The outcome of this, the third examination, by the laboratory supervisor was considered to be final. As culture facilities are not available in Eritrea, culture could not be used for quality control. The National Health Laboratory supervised the three microscopy centres.
All clusters containing individuals with a positive smear result were visited by staff of the national TB programme. Individuals with two positive sputum samples were informed about the test result and were sent to a nearby healthcare facility for clinical evaluation and treatment. Individuals with one positive sputum sample were referred to a nearby health-care facility for repeat smear examination (three sputum samples) and clinical evaluation. If smear examination was negative, i.e. all three sputum samples gave a negative result, a chest X-ray was made. Chest X-rays were evaluated by two experienced radiologists.
We used the Ministry of Health classification (i.e. the WHO definition 1 ) to define cases. A sputum smear-positive patient is a patient with at least two sputum specimens that give a positive result for acid-fast M. tuberculosis bacilli by Ziehl-Neelsen microscopy or with at least one sputum specimen that is positive for acid-fast bacilli, and radiographic abnormalities consistent with active pulmonary TB. All identified cases were interviewed to assess whether they were new cases, relapsed cases or defaulters.
Patients who had a sputum smear that gave a positive result when tested for TB were asked to provide informed consent for anonymous unlinked testing for human immunodeficiency virus (HIV). Collected blood samples were tested for HIV antibodies by enzymelinked immunosorbent assay (ELISA) using the Genscreen HIV1/2 test from Bio-Rad, according to the protocol provided by the manufacturer. Samples giving a positive result with the first ELISA were re-tested (confirmation test) with the Murex HIV Ag/Ab combination, from Abbott.
Training of data collectors
All the individuals involved in data collection were trained in the techniques for data collection and quality assurance described in the survey protocol, and they participated in the one-week pilot study.
Before the start of data collection in a cluster, a local assistant was selected to help the field team with its work, for example, identifying individuals and introducing them to the survey team members. The local assistant received a briefing by the team leader about the purpose and procedures of the study.
Data management and analysis
Data were entered in duplicate using the Census and Survey Processing System alence of new cases of smear-positive TB was estimated by: (a) assuming that the data comprised a self-weighting sample (crude estimate); (b) taking into account the cluster design effect 14 by estimating the prevalence in each cluster and thereafter calculating the average estimated prevalence per cluster, together with the corresponding standard error and 95% confidence interval (CI); and (c) using the complex sampling module of SPSS, taking into account the under-sampling of males. To calculate the prevalence rate for the total population, we assumed that there were no cases of smear-positive TB in people aged less than 15 years.
Results
Census information for the study population
Census information was collected for 38 047 eligible individuals in 40 clusters (range per cluster, 764-1223). Fifteen individuals of unknown age were excluded from the analysis, giving a total of 38 032 (Fig. 1) . Of all individuals included, 56.2% were female and 43.8% were male (Table 1 ). The mean age of males was 20.4 (± 21.4) years and of females was 23.4 (± 19.2) years (t-test, P < 0.001). Approximately half the population was aged less than 15 years and of these individuals, 47.6% were female and 52.4% were male. In those aged 15 years or more, 64.6% were female and 35.4% were male (chi-squared test, P < 0.001). Compared with the total population of Eritrea, males aged between 20 and 49 years were under-represented in our survey. 15 Of the 6786 males aged 15 years or older, 882 (13.0%) reported cough, while of the 12 399 females 1264 (10.2%) reported cough (chi-squared test, P < 0.001; Table 1 ). The percentage of individuals reporting cough increased with age from 6.4% in those aged 15-19 years to 25.7% in those aged 80 years or more (Mantel-Haenszel chi-squared test for trend, P < 0.001). The median duration of cough was 4.0 weeks in males and 2.0 weeks in females (Mann-Whitney U test, P < 0.001). Of the 2145 individuals (11.2%) reporting duration of cough, 1528 individuals (71.2%) reported a duration of at least 2 weeks.
Of all individuals aged 15 years or more, 344 (1.8%) reported smoking, 121 (0.6%) that they had quit smoking and for 225 (1.2%) no information was available (Table 1) . Males more fre- on macroscopic examination, while of 16 262 spot samples only 1582 (9.7%) appeared to be sputum. The percentage of samples that appeared to be sputum was not associated with age, sex, or reported cough (Table 3) . There were 0 (95% CI, 0-0.0025) false negative smears identified among the 1712 negative smears that were re-examined at the National Health Laboratory.
Prevalence of smear-positive TB
In the initial examination, 28 individuals had at least one positive smear. One man aged 56 years was a relapse case. Of the remaining 27 individuals, 9 (33.3%) provided two samples that were both positive, 15 (55.6%) individuals provided two samples of which one was positive and 3 (11.1%) individuals provided only one sample that was positive. All 18 individuals with one positive sample were traced and referred to a health-care facility for examination of three new sputum samples. Five had two or more samples that gave a positive result by Ziehl-Neelsen staining at the health-care facility. One did not have a positive smear in the follow-up examination, but a chest X-ray evaluated by two experienced radiologists was suggestive of TB. Twelve had negative smears in the follow-up and chest X-ray that was not suggestive of TB. Thus according to our case definition, fifteen individuals were diagnosed as being new patients with smear-positive TB in the survey; seven (46.7%) were men and eight (53.3%) were women. The mean age was 41 years (range, 15-78 years). Blood samples for HIV testing were provided by 12 out of 15 (80%) of the identified patients with TB. None tested positive for HIV. Smearpositive individuals were diagnosed in ten clusters; six clusters had one smear-positive individual, three had two smear-positive individuals and one cluster had three. Positive results were more frequently reported in samples that appeared to be sputum. Of the spot samples, 0.25% of the samples that appeared to be sputum and 0.05% of the samples that appeared to be saliva were positive; for the morning samples this was 0.15% and 0.04% respectively (Mantel-Haenszel OR, 4.4; 95% CI, 1.8-10.6). Three individuals (20.0%) diagnosed with smear-positive TB reported cough during the census, while of those not diagnosed with TB 11.2% reported cough (chi-squared test, P = 0.23).
The crude prevalence of smearpositive TB was 83 per 100 000 (95% CI, 41-124 per 100 000) individuals aged 15 years or more. Taking into account cluster sampling provided a prevalence estimate of 81 per 100 000 (95% CI, 33-130 per 100 000) individuals aged 15 years or more. The design effect derived from this calculation was 1.08. In 2005, the ratio of males to females in the population aged 15 or more was 0.98 in Eritrea, 15 while the sex ratio found in our survey was 0.55. Thus, males were under-represented in the sample, especially in the age group 20-49 years. Taking this into account resulted in a prevalence of new cases of smear-positive TB of 90 per 100 000 (95% CI, 35-145 out of 100 000) individuals aged 15 years or more. In 2005, 44.7% of the Eritrean population was aged less than 15 years, 16 resulting in an overall prevalence of new cases of smearpositive TB of 50 per 100 000 (95% CI, 19-80 out of 100 000) assuming that there are no cases of smear-positive TB in those aged less than 15 years.
Discussion
This survey of TB prevalence in Eritrea is the first national TB prevalence survey conducted in Africa in 45 years. 17 The estimated prevalence of new smearpositive TB was 50 per 100 000 in the total population. This is considerably lower than the WHO provisional estimate for 2005 of 251 per 100 000 (Catherine Watt, personal communication). In our survey, the new approach that we tested (i.e. collecting samples from all individuals aged 15 years or more and examining the samples by fluorescence microscopy) proved to be feasible. The cost of the survey was approximately €200 000, (excluding costs of salaries for Eritrean staff, which were covered by the Ministry of Health); this is considerably lower than the cost of a survey using screening of individuals by chest X-ray. The cost of one mobile chest X-ray machine alone would be at least €100 000.
To be able to assess progress towards the Millennium Development Goals 18 for TB and especially Indicator 23, which concerns prevalence and death rates associated with TB, reliable information about the prevalence of TB is required. The prevalence of TB can be estimated from notification data in countries where routine surveillance is accurate. However, in most countries with a high burden of TB, routine surveillance is weak and incomplete, or even nonexistent. In 2004, it was estimated by WHO that it was notified of only 53% of cases of TB globally. 1 Therefore, until surveillance systems provide complete and accurate data, additional epidemiological information from surveys is required. The approach tested in this national survey in Eritrea could facilitate the performance of surveys of TB prevalence in countries where limited resources are available.
The currently used estimate of 251 per 100 000 population is based on TB notification data only, which were ranked as being of low quality 2 and the estimate is therefore very uncertain. This may explain the large difference between this estimate and that obtained from our survey. In the survey not all individuals provided samples (5% did not provide a sample) and macroscopic
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Determining the burden of tuberculosis in Eritrea Mineah Sebhatu et al. examination showed that many samples appeared to be saliva. Furthermore, the institutionalized population (prisons, military barracks, mental institutions and hospitals) with potentially high rates of TB was excluded from the sampling frame of this survey, which may have resulted in an underestimation of the prevalence of TB. However, it is unlikely that this underestimation would attain a factor of 5. We show that it is feasible to collect samples from almost all individuals aged 15 years or more. Thus initial screening of the study population by chest X-ray or symptoms is not necessary to motivate individuals to provide samples. On macroscopic examination, only a small proportion of the samples appeared to be sputum. Data from TB prevalence surveys conducted in Africa between 1955 and 1960 also showed that a high percentage (93%) of samples contain saliva if they are collected from an unselected study population. 17 Other TB prevalence surveys did not publish information about the proportion of samples that appear to be saliva. The effect of the high number of samples that appear to be saliva on the prevalence estimate and how this relates to the results of other surveys remains to be determined. It is possible that individuals who provided a saliva sample may not be able to produce a sputum sample although they have smear-positive TB, or because they do not have pulmonary pathology.
The other approach used in TB prevalence surveys, i.e. screening of the population by chest X-ray and symptoms, will not detect all smear-positive individuals, as not all smear-positive patients have symptoms or show abnormalities on chest X-ray. In our survey, only 20% of the patients identified as having TB reported cough or were known to cough during census and would have been eligible for sputum examination if cough was used as the basis for screening. Thus a screening strategy using cough only would have resulted in a serious underestimation of the prevalence of smear-positive TB in Eritrea. Gothi et al. reported that 37% of culture-positive cases were missed by screening for symptoms compared with screening for symptoms and via chest Xray. 19 Also, using chest X-ray to identify individuals from whom sputum samples should be requested may miss 14-50% of smear-positive cases 17 and 3-43% of culture-positive cases. 9, 20, 21 In the survey, two samples (morning and spot) were collected and examined to limit the workload of the laboratory teams. If microscopy is used for diagnosing TB in patients suspected of having pulmonary TB, 0.8% to 7.9% of cases may be missed if only two slides are examined. [22] [23] [24] [25] [26] However, the sensitivity of fluorescence microscopy for the diagnosis of smear-positive TB in cases of suspected TB is higher than the sensitivity of Ziehl-Neelsen microscopy. 10, 12 It has been shown that examination of two samples using fluorescence microscopy has a higher test sensitivity than examination of three samples with Ziehl-Neelsen microscopy. 11 Had only spot specimens been examined in our survey, 13 out of 14 smear-positive patients would have been diagnosed.
The results of this, the first, national survey of the prevalence of TB in Eritrea showed an overall prevalence of new cases of smear-positive TB of 90 per 100 000 individuals aged 15 years or more. The new approach used in this survey is feasible and of low cost compared with an approach using a screening step. A comprehensive survey to compare the new approach and screening by symptoms and chest X-ray should be performed to determine the quality of the prevalence estimates provided by the different study designs. O 
Résumé
Resumen
Nuevo método para determinar la carga de tuberculosis en Eritrea Objetivo Obtener una estimación de la prevalencia de nuevos casos de tuberculosis con baciloscopia positiva en Eritrea empleando un nuevo método de bajo costo. Métodos El estudio se diseñó de manera que abarcara una muestra de unas 35 000 personas repartidas entre 40 conglomerados. Éstos fueron seleccionados mediante la técnica de muestreo proporcional al tamaño de la población. En cada conglomerado se obtuvieron datos censales sobre las personas que reunían las condiciones. Se encuestó a los individuos de 15 o más años acerca de la tos y su duración y sobre su consumo de tabaco, pidiéndoseles que proporcionaran dos muestras de esputo (in situ y por la mañana) para someterlas a microscopía de fluorescencia. Resultados En total participaron en el estudio 38 032 personas. De los 19 197 individuos de 15 o más años que había entre ellas, 18 152 (94,6%) proporcionaron al menos una muestra de esputo. Quince cumplían la definición de caso, lo que arroja una prevalencia de nuevos casos bacilíferos de tuberculosis de 90 por 100 000 (intervalo de confianza [IC] del 95%: 35-145 por 100 000) personas de 15 años o más, y de 50 por 100 000 (IC95%: 19-80 por 100 000) en la población total. Conclusión La prevalencia de casos nuevos de tuberculosis con baciloscopia positiva estimada a partir de nuestro estudio es considerablemente inferior a la estimación publicada por la Organización Mundial de la Salud. La nueva metodología que empleamos en las encuestas para determinar la prevalencia de la tuberculosis es viable sobre el terreno, pero debería ser validada en otros países y comparada con otros métodos de medición de la prevalencia. 
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